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Background: Experience from open hepatectomy shows that anatomic liver resection achieves a better
resection margin than wedge resection. In recent years, laparoscopic hepatectomy has increasingly been
performed in patients with liver pathology including malignant lesions. Wedge resection (WR) and left
lateral sectionectomy (LLS), which also represent non-anatomic and anatomic resection respectively, are
the two most common types of laparoscopic hepatectomy performed. The aim of the present study was
to compare the two types of laparoscopic hepatectomy with emphasis on resection margin.
Methods: Between November 2003 and July 2009, 44 consecutive patients who underwent laparo-
scopic hepatectomy were identified and retrospectively reviewed. The WR and LLS group of patients
were compared in terms of operative outcomes, pathological findings, recurrence patterns and survival.
Results: Out of the 44 patients, 21 underwent LLS and 23 a WR. The two groups of patients were
comparable in demographics. The two groups did not differ in conversion rate, blood loss, blood
transfusion, mortality, morbidity and post-operative length of stay. The LLS group patients had signifi-
cantly larger liver lesions, wider resection margin and less sub-centimetre margins. In patients with
malignant liver lesions, there was no difference between the two groups in incidence of intra-hepatic
recurrence and 3-year overall and disease-free survival.
Conclusion: Operative outcomes are similar between laparoscopic WR and LLS. However, WR is less
reliable than LLS in achieving a resection margin of more than 1 cm. Larger studies involving more
patients with longer follow-up are warranted to determine the impact of the resection margin on intra-
hepatic recurrence and survival.
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Introduction
Laparoscopic hepatectomy is increasingly being performed for
benign and malignant liver lesions. Laparoscopic wedge resection
(WR) and anatomic left lateral sectionectomy (LLS) of the liver
are the two most commonly performed hepatic laparoscopic pro-
cedures.1,2 Laparoscopic major hepatectomy, on the other hand,
is much more technically demanding and is only performed as
routine in a selected number of experienced centres.3
The adequacy of the resection margin has always been a
concern when open hepatectomy is performed for malignant liver
lesions.4,5 It has previously been shown that in open hepatectomy
for colorectal metastasis, anatomic segmental resection was supe-
rior to wedge resection as an oncological operation.6 Whether this
applies to a laparoscopic approach has yet to be shown. Theoreti-
cally, a >1-cm resection margin may be more difficult to obtain
during laparoscopic hepatectomy because of several factors. These
may include the loss of tactile sense to precisely determine the
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margin of the tumour, increased traction on the specimen leading
to parenchymal tearing away from the intended resection plane,
reduced exposure and increased bleeding leading to reduced
exposure of the original transection plane. These problems
are most readily appreciated in laparoscopic WR as transection
needs to go around a tumour or create a deep margin around the
tumour (Fig. 1). Conversely, anatomic resection like LLS is a more
standardized and anatomically well-defined procedure. The aim
of the present study was to compare patients who underwent
laparoscopic WR and laparoscopic LLS with an emphasis on
resection margin, particularly the number of sub-centimetre
margins in both groups. Furthermore, for those patients with
malignant pathology, the frequency of intra-hepatic recurrence
and survival was also analysed.
Patients and methods
A laparoscopic liver resection programme was started in the
Division of Hepato-biliary and Pancreatic Surgery, Department
of Surgery, Prince of Wales Hospital, Hong Kong, in November
2003. The procedure was offered to patients with malignant or
suspected malignant diseases of the liver requiring hepatectomy,
without contra-indication for laparoscopy and a tumour less than
5 cm (larger for pedunculated tumour) in a peripheral segment of
the liver (segment 2, 3, 4b, 5 and 6), as long as it was not associated
with major vascular or bile duct invasion. If an adequate resection
margin (1 cm) could not be achieved using the laparoscopic
approach, laparoscopic hepatectomy would not be offered. A WR
or LLS was performed according to the location of the lesion(s)
and the decision of the operating surgeon.
The patients’ demographic data, operative outcomes, pathology
findings and follow-up results were all collected prospectively.
Resection margin is defined as the shortest distance from tumour
edge to the transection surface.Forpatientswithmultiple tumours,
only the shortest resection margin was taken for analysis. Patients
with malignant pathology were followed up in the out-patient
clinic 1month after the operation, then 3monthly for the first year
and 6 monthly thereafter. Imaging (ultrasound or computed
tomography) was performed 3 months after the operation, then
every 6 months for 2 years and then yearly thereafter. Patients
whose final pathology revealed benign lesions were not followed
up for an extended period of time unless otherwise indicated.
Statistical analysis included the Mann–Whitney U-test for con-
tinuous variables and c2-test or Fisher’s exact test for categorical
variables. The Kaplan–Meier method was used in analysis of sur-
vival. The log-rank test was used for the comparison of survival
between the two groups. P-values of less than 0.05 were taken as
statistically significant.
Operative techniques
A total laparoscopic approach was used without the assistance
of a handport. The patient was placed in a supine position except
for those patients who had segment 6 liver lesions, these patients
would then be placed in the left lateral position. For WR, three to
five laparoscopic ports (5 to 13 mm in diameter) were used and
placed according to the tumour location. For LLS, the procedure
was more standardized and usually four ports were sufficient.
A 10-mm subumbilical port was used for the laparoscope and
camera. Working ports included one that extended 13 mm over
the epigastrium for laparoscopic ultrasound and vascular staplers,
and two that extended 5 mm over the subcostal regions in the left
mid-clavicular line and anterior axillary line, respectively. Laparo-
scopic ultrasound (Aloka, Tokyo, Japan) was routinely performed
at the beginning of operation to delineate the target lesion and to
exclude pre-operatively undetected lesions. Vascular inflow occlu-
sion was not used during liver parenchymal transection.7 In the
early part of the series, the liver was transected with the cavitron
ultrasonic surgical aspirator (CUSA) (ValleyLab, Boulder, US)
and TissueLink device (TissueLink Medical Inc., Dover, US) but
in later part of the series, the TissueLink device in conjunction
with Ligasure (ValleyLab, Boulder, US) was used. Radiofrequency
ablation (Cool-tip; Tyco Healthcare, Boulder, US) assisted liver
transection was performed in one patient. In all patients, endo-
vascular staplers (Tyco Healthcare, Norwalk, US) were used for
division of larger vascular pedicles, while bleeding from smaller
vessels was controlled with titanium clips. In this series, the indi-
cation for hepatectomy was confirmed or suspected malignant
liver lesions. Liver resection was not advocated for benign liver
lesions per se. All liver resections were done with curative intent.
The liver transection plane for LLS was around 1 cm to the left of
the falciform ligament. ForWR, a resectionmargin of at least 1 cm
was aimed around the resected liver lesion. In our practice, fibrin
glue (Tisseel; Baxter,Vienna,Austria) is applied after liver transec-
tion to reinforce haemostasis and prevent bile leakage, although a
recent study showed that its routine use might not be justified.8
The use of drains was left to the discretion of the operating
surgeons. All specimens were retrieved in plastic bags through
an extended port site, usually the subumbilical port or through a
previous laparotomy wound.
Figure 1 Schematic drawing showing lines of transection for a
segment 2/3 tumour. A-A: left lateral sectionectomy: B-B: wedge
resection: M: site of the resection margin most commonly involved
during wedge resection
650 HPB
HPB 2010, 12, 649–653 © 2010 International Hepato-Pancreato-Biliary Association
Results
Between November 2003 and July 2009, 385 patients underwent
hepatectomy of which 44 (11.4%) were performed laparosco-
pically. Twenty-one patients underwent LLS and 23 a WR. The
patient demographics of the two groups of patients are shown in
Table 1. The distribution of liver lesions in the WR group was: 2
in segment 2, 9 in segment 3, 4 in segment 4b, 2 in segment 5 and
6 in segment 6.
The operative results are shown in Table 2. One patient in the
LLS group had two liver lesions both at segment 2 and 3, so both
lesions could be removed by one resection only. On the other
hand, two patients in theWR group had two separate liver lesions
which required two separate wedge liver resections. An additional
patient from theWR group had three small liver metastases within
the same liver segment, thus all three lesions could be removed
with one wedge resection. Hence the total number of liver lesions
was 22 in LLS and 27 in WR, while the number of resections was
21 in LLS and 25 in WR.
The histological diagnoses of the resected liver lesions are
shown in Table 3. The pathological results with regard to resection
margin status are shown in Table 4. As an attempt to match the
locations of liver lesions in the WR group with the LLS, patients
in the WR group with lesions at segment 2 or segment 3 (n = 11)
were compared with those who underwent LLS. There was no
significant difference between the two groups in size of liver
lesions [LLS 2.7 cm (1.5–9) vs. WR 2.2 cm (1.3–3), P = 0.139],
width of resection margin [LLS 2.2 cm (0.5–4) vs. WR 1.5 cm
(0.5–3), P = 0.175] or number of patients who had a sub-
centimetre margin (LLS 1/21 vs. WR 2/11, P = 0.266). There was
no involved margin in either group.
If only patients with malignant lesions were analysed (LLS 18
patients; WR 19 patients), the difference between the two groups
in the size of lesions, width of resection margin and number
of sub-centimetre margin remained significant (Table 5). The
median (range) follow-up for those with malignant disease was
28.5 months (2.9–62.4). Seven patients in the LLS group and 9
patients in the WR group developed recurrent diseases. The inci-
dence of intra-hepatic as well as extra-hepatic recurrent disease,
and the 3-year overall and disease-free survival are shown in
Table 6. Among patients with intra-hepatic recurrence, there
was no recurrence at resection margin. Although the patient in
the WR group with a margin involved had intra-hepatic recur-
rence, it occurred in a distant segment in the contralateral liver
lobe. No port site recurrence was noted in this study.
Table 1 Patient demographics
LLS (n = 21) WR (n = 23) P-value
Age 58 (34–80) 58 (25–76) 0.814
Gender (M : F) 13:8 14:9 0.944
No. of co-morbidity 2 (0–6) 1 (0–5) 0.857
ASA (1:2:3) 3:16:2 6:14:3 NA
Cirrhosis 13 11 0.349
Child's grading all Child's A all Child's A NA
Result expressed in median (range).
ASA, American Society of Anesthesiologists score; NA, not applicable.
Table 2 Operative results
LLS (n = 21) WR (n = 23) P-value
No. of lesions 22 27 NA
No. of resections 21 25 NA
Conversion 2 3 1.00
Mortality 0 0 NA
Morbidity 0 2 0.489
Blood loss (ml) 100 (10–1610) 150 (5–1500) 0.435
Blood transfusion 1 0 0.477
Operative time (min) 215 (125–305) 225 (90–420) 0.972
Post-operative hospital
stay (days)
4 (2–11) 4 (2–15) 0.606
Result expressed in median (range).
NA, not applicable.
Table 3 Histological diagnoses of liver lesions
Diagnosis LLS (n = 21) WR (n = 23)
Hepatocellular carcinoma 16 13
Colorectal metastasis 1 5
Cholangiocarcinoma 1 0
Focal nodular hyperplasia 2 2
Haemangioma 1 2
Nasopharyngeal carcinoma
metastasis
0 1
Table 4 Resection margins of liver lesions
LLS (n = 21) WR (n = 23) P-value
No. of lesions (1:2:3) 20:1:0 20:2:1 NA
Size of largest lesion (cm) 2.7 (1.5–9.0) 2.0 (0.8–4.0) 0.041*
Resection margin (cm) 2.2 (0.5–4.0) 1.0 (0–3.0) 0.001*
<1 cm margin 1 10 0.003*
Margin involved 0 1 1.00
Result expressed in median (range).
NA, not applicable.
*Statistically significant.
Table 5 Resection margins in malignant lesions
LLS (n = 18) WR (n = 19) P-value
No. of lesions (1:2:3) 17:1:0 16:2:1 NA
Size of largest lesion (cm) 2.9 (1.5–9.0) 2.0 (0.8–4.0) 0.035*
Resection margin (cm) 2.2 (0.5–4.0) 1.0 (0–3.0) 0.002*
<1 cm margin 1 7 0.042*
Margin involved 0 1 1.00
Result expressed in median (range).
NA, not applicable.
*Statistically significant.
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Discussion
In selected patients, laparoscopic liver resection is now recognized
as a safe and feasible procedure with acceptable mortality and
morbidity.1,2 A recent review of 2804 patients worldwide showed
that the overall mortality was 0.3% (0–10%) and the morbidity
was 10.5% (0–50%), while the overall conversion rate was 4.1%.1
The authors have previously shown in a case–control study that
laparoscopic hepatectomy also resulted in decreased blood loss,
shorter hospital stay, less requirement for analgesics and earlier
return to an oral diet.9 Besides, the 5-year overall and disease-free
survival was comparable between open and laparoscopic hepate-
ctomy as reported from a meta-analysis of eight retrospective
case-cohort matched studies.10 The concern for oncological clear-
ance for malignant liver diseases has also been addressed in pre-
viously published studies.1,11 Free resectionmargins were obtained
in 82–100% of the patients. The 5-year overall and disease-free
survival for laparoscopic hepatectomy for hepatocellular carci-
noma was comparable to open surgery. Similarly, the 3-year
overall and disease-free survival for colorectal liver metastasis was
also comparable between laparoscopic and open hepatectomy.1
However, currently there is no randomized control trial compar-
ing laparoscopic vs. open hepatectomy. The concern of compro-
mised resection margin and jeopardized long-term survival in
laparoscopic hepatectomy for malignant liver lesions warrants
further evaluation.
Within the territory of laparoscopic hepatectomy, the present
study aims to evaluate whether different types of resection affect
the surgical margin. As LLS and WR are the two most commonly
performed laparoscopic hepatectomy, the two groups which also
represent the anatomic and non-anatomic resection are com-
pared. The present study has shown that there are no differences
between laparoscopic LLS andWR in terms of intra-operative and
early post-operative outcomes. However, it should be acknowl-
edged that there is a risk of a type II error because of its small size.
Accepting that this was not a matched study as shown by those
undergoing LLS having larger lesions, it is noteworthy that
patients undergoing LLS had greater median resection margins
(2.2 cm vs. 1.0 cm, P = 0.001) and were less likely to have a sub-
centimetre margin (1/21 vs. 10/23, P = 0.003). This would imply
thatWR is not as good as an anatomic resection as an approach to
achieve a predetermined resection margin, but whether this alters
long-term outcome is yet to be determined. The present study
included benign liver lesions in both groups for analysis as all liver
lesions put up for resection were for confirmed or suspected
malignancy, and were treated as malignant during surgery. Even
when these patients are removed from the analysis, the difference
in the width of the resection margin and the number of sub-
centimetre margins remained significant.
Most previous studies only compared resection margins
between laparoscopic and open hepatectomy and the laparoscopic
group consisted of different types of liver resection.9,10,12,13 One
study which only focused on LLS showed that there was no
difference in resection margin in laparoscopic LLS 11 mm
(1.5–30 mm) and open LLS 12 mm (4–40 mm).14 Another similar
study also showed that the resection margin of laparoscopic LLS
(1.1 0.3 cm) was comparable with open LLS (1.3 0.5 cm).15 A
collective review of fve case–control series on laparoscopic vs.
open LLS suggested that laparoscopic LLS did not compromise
the margin status.16 In one study on laparoscopic hepatectomy,
which only composed of LLS and WR, detailed information on
resection margin was available.17 There were 15 LLS and 45 WR.
One patient (6.7%) from the LLS group and 6 patients (13.3%)
from the WR group had an involved or close (<1 mm) resection
margin. Of these 7 patients, 2 of the 3 involved margins and 2 of
the 4 close resection margins developed liver tumour progression
on follow-up. These results are consistent with the current study
that WR is inferior to LLS in terms of margin clearance.
Since the first anatomic left lateral sectionectomy performed
by Azagra,18 it is now the procedure of choice for the first step in
laparoscopic anatomic resection. Many authors suggest that the
laparoscopic approach should be the standard for LLS as it was
consistently shown to be superior to its open counterpart.19–21
Thus laparoscopic LLS rather than WR should be the treatment
of choice for segment 2,3 lesions unless preservation of liver
substance is essential. A significant difference in the width of
the resection margin or the number of sub-centimeter margins
cannot be demonstrated in the present study as a result of the
small sample size (LLS 21 vs. WR 11) for segment 2,3 lesions. For
lesions located in segment 4b, 5 or 6, laparoscopic anatomic resec-
tion is technically demanding, if the resection margin is a problem
with laparoscopic WR, one may consider open anatomic resec-
tion. Alternatively, a wider than 1 cm margin should be planned
ahead during parenchymal transection so that the chance of
sub-centimetre resection margin can be minimized.
Although the LLS group does not differ significantly from the
WR group in terms of both the intra-hepatic recurrence rate and
the survival rate, it is possible a type II error exists as a result of the
relatively small number of patients involved in the study and the
relative short follow-up. Besides, the malignant group of patients
composed of different types of pathology, which made direct
comparison difficult. Furthermore, the resection margin is just
one of many factors that affect recurrence and survival. Never-
theless, even the issue of whether a narrow resection margin or
a non-anatomic resection increases intra-hepatic recurrence or
Table 6 Recurrence and survival in patients with malignant lesions
LLS
(n = 18)
WR
(n = 19)
P-value
Intra-hepatic recurrence only 5 7 0.556
Extra-hepatic recurrence only 1 0 0.486
Both intra-hepatic and extra-
hepatic recurrence
1 2 1.000
Three-year overall survival 88.2% 78.1% 0.690
Three-year disease free survival 53.3% 49.4% 0.996
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compromises survival is yet to be answered.4,5,22,23 The only uni-
versally held consensus is that an involved resection margin must
be avoided.
Conclusion
WR and LLS are the two most commonly performed types of
laparoscopic hepatectomy around the world. Operative outcomes
are similar between the two approaches. Analysis of the resection
margin between the two approaches shows that LLS is associated
with significantly wider margins and significantly fewer patients
with sub-centimetre margins. One patient in the WR group had
an involved resection margin. This shows that WR is less reliable
in achieving the desired resection margin as LLS. However, there
is no significant difference between the two groups in terms of
intra-hepatic recurrence and survival for malignant liver lesions.
Further studies with larger numbers of patients and longer
follow-up are required to address this issue.
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